However, there are a few clinical data about gastrointestinal dysfunction in critically ill patients, which may be related to the various functions of gastrointestinal tract making its "normal" function fairly indefinable, even though the importance of gastrointestinal function has been recognized for years. [8] The previous study showed that rhubarb, a traditional Chinese herb, can protect the intestinal mucosal endothelial cells from damage in rats with sepsis and scald, prevent intestinal bacterial translocation, and promote gastrointestinal peristalsis and the remission of toxic enteroparalysis. We also found that rhubarb can improve the circulating von Willebrand factor, platelet (PLT) levels by the potential anticoagulant and anti-PLT aggregation property. [9, 10] Rhubarb has been used to treat gastrointestinal dysfunction in critically ill patients for many years, but a few clinical studies have explored whether rhubarb has an association with the protection of gastrointestinal function. Therefore, this retrospective study was conducted to evaluate the effect of rhubarb on critically ill patients with gastrointestinal dysfunction.
mEthods

Ethical approval
The study was conducted in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of Biomedicine Research of the Second Military Medical University. Informed consent was not required because of the retrospective and anonymous nature of this study.
Study population
This retrospective study was carried out in the Intensive Care Unit (ICU) of Shanghai Changzheng Hosptial, China, between June 2015 and May 2017. Patients were screened for eligibility within 24 h of ICU admission. Inclusion criteria were as follows: (1) 18-75 years of age; (2) acute gastrointestinal injury (AGI) I-III; and (3) complete anatomic structure of the gastrointestinal tract, including the ileum and colon stoma. The exclusion criteria were as follows: (1) pregnancy; (2) admitted to the ICU <7 d (including deaths); (3) cardiac function (New York Heart Association) III-IV; (4) Child-Pugh score >9; (5) abdominal compartment syndrome; (6) mechanical ileus; (7) gastrointestinal bleeding in active stage.
The patients were divided into two groups (rhubarb and usual treatment groups) according to the exposure factors (whether the patients receive rhubarb treatment for gastrointestinal dysfunction). For the rhubarb group, all patients received conventional medication plus rhubarb therapy. Rhubarb, commercially certified crude rhubarb, was provided by the hospital pharmacy. The dose of rhubarb was 9-18 g/d for 7 consecutive days and the route of administration included oral administration and nasal feeding. For the usual treatment group, all patients were treated with only conventional medication. Conventional drug therapy included primary disease treatment, anti-inflammatory, anti-infection, nutritional support, prokinetic agents treatment, and symptomatic treatment. After ICU admission, if the patient had stable hemodynamics or had no enteral nutrition contraindications, the patient was recommended to start enteral nutrition after 24-48 h from ICU admission.
Definitions for uniform data collection
The following definitions were used for uniform data collection:
The term "gastrointestinal dysfunction" in broader perspective describes all gastrointestinal symptoms frequently occurring in humans. All these aspects have been well considered by the Working Group on Abdominal Problems of the European Society of Intensive Care Medicine (ESICM) and resulted in definitions for AGI with four grades of severity. [11] The AGI grade was assessed daily according to the recommendation of the ESICM grading system during the 1 st week of the subject's ICU stay.
Feeding intolerance is a sign of gastrointestinal dysfunction. [12] According to current clinical practice guidelines for nutritional support in critically ill patients, the enteral nutritional target was set for all patients at 83.7 kJ·kg
·d −1 within the 1 st week of ICU admission. [13] [14] [15] Therefore, the remission of feeding intolerance was considered if 83.7 kJ·kg
·d −1 via the enteral route could be reached after 7 days of treatment.
Assessment of AGI grade: aggravation: the AGI grade is higher as compared with those before therapy; no improvement: AGI grade is the same as before; and improvement: the AGI grade was lower than before, no matter gastrointestinal function was recovered to normal.
The "28-day mortality" was defined as death from any cause occurring within the 28 days after ICU admission.
Data collection
Clinical data were collected within the first 24 h of ICU admission and 7 days after treatment. The data collected were as follows: (1) baseline demographic and clinical characteristics: age, gender, presence/absence of feeding, Acute Physiology and Chronic Health Evaluation II (APACHE II) score, and Sequential Organ Failure Assessment (SOFA) score; (2) the patients' gastrointestinal function: vomiting, abnormal bowel sounds, diarrhea, bowel distention, gastrointestinal bleeding, nutritional support, and AGI grade; (3) other drugs for the improvement of gastrointestinal function: enemia glycerini, clostridium butyricum tablets, mosapride citrate tablets, and lactulose oral solution; (4) laboratory results: C-reactive protein (CRP), procalcitonin (PCT), endotoxin, creatinine, aspartate transaminase, and alanine transaminase. Survival data were collected on day 28 after ICU admission. In addition, the days in ICU and total hospitalization days were recorded. An electronic case report file was used for data collection.
Statistical analysis
Matchlt package for R software was used for propensity score matching (PSM) and SPSS version 21.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analyses. Data are expressed as the mean ± standard deviation (SD) for normally distributed continuous variables and as the absolute number for categorical variables. Data are presented median (Q1, Q3) for nonnormal distributed variables. To compare groups, Student's t-test (for normal distribution) and nonparametric test (for nonnormal distribution) were used for continuous variables. The Chi-square test, Fisher's exact test, or nonparametric test were used to compare categorical variables. Fisher's exact test was applied if the minimal estimated expected value was <5. The PSM were applied to compare two groups of patients. First, the program performed a logistic regression to score all patients, parameters related to the endpoints of the study as covariates: age, gender, 1-day APACHE II score, 1-day SOFA score, whether feeding, the gastrointestinal symptoms within the first 24 h of ICU admission (vomiting, bowel sounds, diarrhea, abdominal distention, gastrointestinal bleeding, nutritional support, and AGI grade), the use of other drugs, and the laboratory data. Second, matching on the propensity score (1:1) was performed using a nearest neighbor-matching algorithm, with a maximum caliper distance of 0.25 of the SD of the propensity score. [16] Match adequacy was determined using standardized differences: a standard difference <10% indicates a negligible difference in the mean or prevalence of a covariate between two groups. [17] Analyses were then separately performed on the two matched groups. The logistic regression analysis was conducted to screen the influence factors for the remission rate of gastrointestinal dysfunction. All statistical analyses were two-sided, and a P < 0.05 was considered statistically significant.
rEsults
Enrollment flowchart and the main diagnoses of patients
Between June 2015 and May 2017, 1147 patients from ICU were screened. Finally, a total of 368 critically ill patients met the criteria and were included in this study. The study flowchart is presented in Figure 1 .
The main diagnoses of patients enrolled were as follows: multiple injuries in 124 cases, severe pneumonia in 73 cases, cardiopulmonary resuscitation in 25 cases, septic shock in 21 cases, acute cerebral infarction in 15 cases, severe craniocerebral trauma in 15 cases, bloodstream infection in 15 cases, acute exacerbation of chronic obstructive pulmonary disease with respiratory failure in 14 cases, hematencephalon in 13 cases, abdominal infection after gastrointestinal surgery in 13 cases, severe acute pancreatitis in 9 cases, acute heart failure in 9 cases, acute pyogenic cholangitis in 7 cases, central nervous system infections in 5 cases, acute intoxication in 3 cases, severe heat stroke in 3 cases, hemorrhagic shock in 3 cases, anaphylactic shock in 1 case.
Baseline characteristics of patients before propensity score matching
The eligible patients were then divided into rhubarb group (n = 219, 59.5%) and usual treatment group (n = 149, 40.5%). The baseline characteristics of the two groups are shown in Table 1 . The degree of abdominal distention, the proportions of vomiting and AGI grade, and endotoxin level were higher in the rhubarb group than those in the usual treatment group (all P < 0.05). The APACHE II and SOFA scores in the rhubarb group were lower than those of the usual treatment group (all P < 0.05). Moreover, the lower proportion of enemia glycerini, clostridium butyricum tablets, prokinetic agents were used in the rhubarb group (all P < 0.05).
Baseline characteristics of patients after propensity score matching
Because of the differences in the baseline characteristics between the two groups, the 1:1 nearest-neighbor PSM was applied to reduce the confounding bias. The caliper value was 0.04. After PSM, 68 patients were matched from each group, and the baseline characteristics of the two groups after PSM are shown in Table 2 . All baseline characteristics were well matched between two groups without statistical significance, except for endotoxin level. The endotoxin level was higher in the rhubarb group than that in the usual treatment group (P = 0.009).
Clinical outcomes after 7 days of treatment
The results of this study found that the remission rates of feeding intolerance in rhubarb group were 59.8% before PSM and 77.9% after PSM, which were significantly higher than those of usual treatment groups (39.6% and 30.9%, respectively; all P < 0.05). The clinical characteristics of two groups after 7 days of treatment before and after PSM are shown in Tables 3 and 4 . Compared with the usual treatment group, the rhubarb group had higher rates of improvement for AGI grade and bowel sound, shorter ICU duration, and lower level of CRP before and after PSM (all P < 0.05). Before PSM, patients in the rhubarb group had lower APACHE II and SOFA scores, a higher proportion of abdominal distension alleviation and longer duration of hospitalization, compared with usual treatment group (all P < 0.05); however, those showed no significant differences between two groups after PSM. There was no significant difference for the 28-day mortality between two groups before and after PSM.
Considering that the endotoxin level was not well balanced after PSM, a logistic regression model was carried out.
Whether 83.7 kJ·kg
·d −1 could be reached as the dependent variable, whether receiving rhubarb therapy, and endotoxin level were used as independent variables. The stepwise regression was conducted to screen the influence factors. The results showed that only the factor, whether receiving rhubarb therapy, affected the proportion of patients whose enteral nutrition needs ≥83.7 kJ·kg −1 ·d −1 after 7 days of treatment (odds ratio: 7.908, 95% confidence interval: 3.661-17.083, P < 0.001).
Clinical adverse effects
As shown in Tables 3 and 4 , although the number of defecation in rhubarb group were more than that in the usual treatment group after 7 days of treatment (P < 0.001), no serious adverse effects including severe diarrhea (≥10 times/day or ≥1000 ml/day), frequent vomiting (≥5 times/day), and obvious aggravation of liver and kidney function injury were found in both groups.
dIscussIon
Gastrointestinal dysfunction occurs frequently in critically ill patients. [18] A large number of previous studies confirmed the relationship between gastrointestinal dysfunction and the severity and the clinical outcome of the disease. [19, 20] Therefore, gastrointestinal dysfunction has become an unnegligible problem for ICU patients.
Feeding intolerance is considered to be an important clinical sign of gastrointestinal dysfunction in critically ill patients, which indicates the hypofunction of gastrointestinal motility and absorption. Studies have reported that feeding intolerance was significantly associated with poor prognosis in critically ill patients. A multicenter retrospective study involving 1888 ICU patients found that patients with feeding intolerance had poorer nutritional status and longer stay in ICU and higher risk of death. [21] In this retrospective study, the remission of feeding intolerance was selected as the main research target. The results showed that rhubarb might significantly improve the feeding tolerance of critically ill patients. Western medicine uses gastrointestinal motility drugs as the most common intervention strategy to treat feeding intolerance. The use of gastrointestinal motility drugs, including metoclopramide, domperidone, and mosapride, was statistically analyzed in this study. The results showed that the proportion of gastrointestinal motility drugs used in rhubarb group before PSM was less than that in routine treatment group, and there was no significant difference between the two groups after PSM. The remission rates of feeding intolerance in rhubarb group were significantly higher than those in routine treatment group before and after PSM, further indicating that rhubarb had a positive effect on increasing the tolerance of enteral nutrition in critically ill patients. The mechanisms of rhubarb improving feeding tolerance are as follows: (1) Anthraquinone derivatives of rhubarb could stimulate intestinal submucous plexus, thus promoting intestinal peristalsis, inhibiting water absorption. [22] (2) Protection of intestinal mucosal epithelial barrier. Previous basic research had found that 5 of 21 monomers extracted from the rhubarb (emodin, 3,8-dihydroxy-1-methyl-anthraquinone-2-carboxylicacid, daucosterol linoleate, rhein and 1-O-caffeoyl-2-(4-hyd roxyl-O-cinnamoyl)-β-D-glucose) could significantly prevent increased mucosal permeability and enhance the expression of tight junctional protein, thus maintaining the functional integrity of intestinal microvascular endothelial cells, improving intestinal tight junctions, reducing intestinal damage, and protecting the intestinal mucosal barrier in sepsis. [9] They also antagonized the matrix metalloproteinase-9 induced human umbilical vein vascular endothelial cell (HUVEC) monolayer permeability by promoting HUVEC proliferation and reducing extracellular vascular endothelial cadherin concentrations to protect capillary leakage. [23] (3) Protection of intestinal microbiological barrier. Animal studies showed that after the treatment of rhubarb, the number of commensal intestinal microflora, such as Escherichia coli and bifidobacteria and total anaerobes increased. [24] In addition, early adequate enteral nutrition in itself promoted the recovery of intestinal function, reversed the loss of gastrointestinal mucosal integrity, maintained intestinal blood perfusion, and improved the nutritional status of patients. [25] [26] [27] The studies had confirmed the clinical feasibility of AGI grading system and showed that AGI grade was significantly associated with the severity and poor prognosis of the patients. [28, 29] This retrospective study found that rhubarb treatment could significantly improve AGI grade in critically ill patients. The proportion of AGI III in rhubarb group was significantly lower than that in usual treatment group. This result confirmed that rhubarb has a significant effect on improving gastrointestinal dysfunction.
In this study, rhubarb could significantly shorten the duration of ICU in critically ill patients but had no significant effect on the total duration of hospitalization. To a certain extent, shortening the duration of ICU could reduce the economic burden of the patients, and the rhubarb is rich in sources and low in price, which makes the patients have good economic benefits.
This retrospective study showed that rhubarb could decrease the level of CRP in critically ill patients. CRP is an acute phase reactive protein synthesized by the liver. It is a sensitive index to reflect the tissue damage and infection. Under the pathological condition of severe trauma, shock and infection, it is the common case that edema, erosion and ulcer develop in the gastrointestinal mucosa because of intense stress reaction. The barrier of intestinal mucosa is destructed and the bacteria from the intestinal tract will invade the liver through the portal vein. The liver is the first physical barrier next to the gut. Kupffer's cells are the main effector cells in the liver, and their capacity of phagocytosis accounts for 95% of that over the body. Therefore, Kupffer's cells have a tremendous potential capability of inducing systemic inflammation reaction. On the one hand, Kupffer's cells can eliminate enterogenous bacteria and toxins. On the other hand, they will also be activated to release generous cytokines and inflammatory mediators leading to severe systemic inflammation reaction at the same time. Hepatic vein blood, which contains generous cytokines and inflammatory mediators, return to the lung, accompanied with lymph fluid from gastrointestinal tract. Consequently, the macrophages in the lung tissue are activated and participate in systemic inflammatory reaction. Gut-originated septic reaction may be further aggravated by lung, and the inflammatory reaction in the lung feeds back to the gut and liver through blood circulation. In the end, a pathway of gut-liver-lung cascade reaction, also named gut-liver-lung axis, is finally formed. [30] The decrease of CRP level in rhubarb group may be associated with inhibiting the activation of inflammatory effector cells in liver, reducing the synthesis and release of inflammatory cytokines in liver, and further inhibiting the inflammatory response in lung. Animal studies found that rhubarb could inhibit mitogen-activated protein kinase signal transduction and activation of transcriptional activators in severe acute pancreatitis (SAP) rats, thereby reducing the expression of inflammatory cytokines. [31] Rhubarb could also reduce the intestinal mucosa injury in rats with SAP, which was related to the reduction of mRNA expression of TLR2/4 in intestinal mucosa of SAP rats by rhubarb. TLRs are very important transmembrane receptors and signal transduction receptors of the innate immune system, able to activate a series of pro-inflammatory and anti-inflammatory cytokines as well as chemokines, and involve in the regulation of inflammatory responses. [32] The barrier of intestinal mucosa is destructed and the endotoxin from the intestinal tract invades the liver, thus the level of endotoxin could indirectly reflect intestinal barrier function. The baseline level of endotoxin was significantly different between the two groups before and after PSM, and its baseline level in rhubarb group was higher than that in routine treatment group. To avoid its influence on the main results, the logistic regression model for all the gradually screening methods were used. Finally, it was proved that only rhubarb application affected the remission rate of feeding intolerance of the patients.
However, this retrospective study showed no significant difference in 28-day mortality, APACHE II score, SOFA score, and PCT level between the two groups. These results contradicted other evaluation indicators in this study. The causes of this phenomenon might include complicated bad conditions, multiple-organ involvement, failure in effectively controlling primary diseases, and other underlying confounding factors.
This study showed no serious adverse reactions during rhubarb treatment. In the rhubarb group, there were 63 cases of liver function injury and 30 cases of renal function injury at the time of inclusion. After 7 days of rhubarb treatment, there were no new cases of liver and kidney damages. Although 7 patients with liver function injury and 3 patients with kidney function injury became more serious after rhubarb treatment, there was no significant difference compared with the routine treatment group. Therefore, the aggravation of injury in these patients was related to the failure to control the primary condition, rather than the side effects of rhubarb.
In addition, the safety of rhubarb is also concerned with the dosage and frequency of administration. There is a dose-effect relationship in the use of rhubarb. Several studies had been conducted to evaluate the efficacy of different doses of rhubarb in the treatment of gastrointestinal dysfunction, and the results showed that the dosage of 0.05 g·kg , 3 time/day could significantly reduce the incidence of gastrointestinal failure and improve the prognosis. [33] In this study, the dosage of rhubarb as 3-6 g/time, 3 time/day was safe and applicable. Therefore, it is reasonable to determine the dosage according to the body weight. It could avoid not only the adverse reactions such as diarrhea, nausea and vomiting caused by excessive rhubarb but also the effect of dose deficiency.
PSM is a statistical method to deal with confounding bias in nonrandomized controlled studies in recent years. In this statistical method, all confounding factors (i.e., covariables) are represented by a propensity score, which reduces the dimension of the covariable, and then matches the different comparison groups according to the propensity score. After matching, the distribution of covariables reached equilibrium, which is equivalent to "randomization after the event." Using PSM, all baseline characteristics of the two groups were balanced after matching, which made the results more reliable.
There are several limitations in this study. First, the evaluation of AGI grade is subjective and lacks objective and quantitative indicators, which limit the research in this field. Second, an inherent bias is present in the data collection of retrospective studies; several evaluation indicators, such as intra-abdominal pressure, residual gastric volume, were not included in this study. Third, the sample size was relatively small and the follow-up time was relatively short. In addition, PSM can only balance the observable variables but cannot help with the bias caused by potential unknown confounding factors. Therefore, multi-center double-blind randomized controlled studies with larger sample size are needed to explore the efficacy of rhubarb in critically ill patients with gastrointestinal dysfunction.
In conclusion, the results of this study suggest that rhubarb could significantly improve feeding tolerance and relieve gastrointestinal dysfunction in critically ill patients without serious adverse reactions. It provided proof for the treatment of gastrointestinal dysfunction with rhubarb during clinical practice.
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